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Lung cancer is a leading cause of cancer related death worldwide. It is 
increasing at a very fast rate in both men and women. Some significant 
mutations occurring at molecular level in lung adenocarcinoma, like ALK, 
EGFR, KRAS, MET, and, ALK (anaplastic lymphoma kinase) gene 
mutations for an ALK encoded transmembrane receptor tyrosine kinase 
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small cell lung adenocarcinoma. There is 3-7% ALK mutation o 
early or never-smokers in accompanying NSCLC. The NSCLC 
gene mutation generally do not have EGFR or KRAS gene muta 
are also molecular markers, which get di 

ALK mutation in NSCLC, different t 
situ Hybridization (FISH), Im: 
(RT-PCR) are being used. O 











erase Chain Reaction 
d in detecting the mutation 
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development lung cancer.5,6 Some vegetables and 
fruits help in the protection from lung cancer risk, 
according to Sankaranarayanan et al.(1994) the green 
vegetable and banana reduces the risk of lung cancer. 
Onion and Pumpkin also reduce the risk of lung cancer. 
On the contrary, the animal fat and dietary cholesterol 


e million deaths occur . : 
increase the lung cancer risk.7 


disease.1 According to 
2016), death rate due to lung 
reast cancer, prostate cancer and Small Cell Lung Carcinoma (SCLC) 


per year d 
America can 
cancer is more 


colorectal ca in the world.2 The 5 years survival in The metastasis rate is very high with this cancer and it 
cases of lung cancer is only 15%. Hence necessity for contributes to about 15% of all types of lung cancer.2 
searching more targeted and effective therapeutic drug According to Sorensen M. (2010) tobacco smoking is 
for its treatment is the need of the hour.3 On the basis of the main cause of SCLC.8 In SCLC, gene mutation has 
cell shape and size the lung cancer is divided in two been found to occur in C-myc, L-myc, N-myc, C-raf 
types, Small cell carcinoma (SCLC) and Non-small (oncogene) Rb and p53 (tumour suppressor gene). 
cell lung carcinoma (NSCLC).There are various Molecular studies have shown that the lung cancer is 
causes of lung cancer viz tobacco smoking, (cigarette caused by genetic abnormalities due to deletion or 
smoking)4, followed by exposure to asbestos, arsenic, translocation of the DNA sequences, which play the 
chloromethyle, and radiation. These exposures cause main role in cancer development. The genes where 


genetic mutation in the patients leading to the 
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mutation causes lung cancer may be proto-oncogene inversion between ALK and EML-4 gene.17 There are 
or tumour suppressor gene. After mutation, the proto- several types of genes involved in the fusion with ALK 
oncogene is converted into oncogene which causes gene which participates in the NSCLC development 
carcinogenesis. The tumour suppressor gene such as KLC1, KIF5B and TFG gene 20 but EML-4 is 
suppresses the formation of tumour but after mutation predominant fusion partner. The fusion of ALK and 
it is converted into tumour promoting gene that may EML-4 on chromosome '2p' has also been observed in 
help in develop of the cancer.9,10 non-smokers, light smoker and young age patients.22 
EML4-ALK fusion is found with wild type EGFR and 
KRAS gene.23 


Non-Small Cell Lung Carcinoma (NSCLC) 
NSCLC is a well-known type of lung cancer and 
constitute nearly 85% in all type of lung carcinoma. Targeted Therapy 
NSCLC metastasizes slower than small cell lung T and ROSI 
carcinoma and its diagnosis is very difficult in inase izoti 

comparison to SCLC in early stage. Approximately 
70% of cases of NSCLC are diagnosed at advanced 
stage.2 The gene which are associated with NSCLC 
are EGFR, ALK, KRAS, HER2, PI3KCA, MAP2K1, 
BRAF, MET3 N-ras, H-ras, C-raf, p16, Rb.9,10 

















Lung Cancer in Indian Scenario 
Ito. Y et al. (2007), reported that the 5 yea 
NSCLC in India was 12-14% and in cas 











7 An increased copy number of non- 
rearranged ALK gene signals correspond to polysomy 
(= 4 ALK copies in > 10% cell nuclei in figure 1) or 
K amplification (>10 ALK copies in >10% cell 
nuclei). The ALK gene copy number observed in 10% 
to 39% of nuclei is considered as low grade polysomy, 
whereas >40% of nuclei is taken as high grade 
polysomy (Cappuzzo etal. 2005).28 







-15 Generally the Screening Techniques 
= rs not ine lung ae 16 2 IHC, FISH, and RT-PCR are in use for the detection of 
ae tation causing the ALK-EML4 fusion in NSCLC on formalin fixed 


paraffin embedded tissue (FFPE) sample but some 
problems occur during these experiments. For IHC 
and FISH the cancer tissue should be enough because 
it is not always possible to obtain large tissue from the 
NSCLC patients. The tissue size is a major issue with 
the IHC and FISH. FISH is a more expensive test and 
may not be suitable for mass screening.29 RT-PCR for 
detecting ALK-EML-4 mutation is not easy like FISH 
and IHC because it requires sufficient quantity of RNA 
for the experiment and the RNA extraction should be 


types of Non-Small Cell Lung Carcinoma.17 EML-4 
encoded protein may aid in assembly of 
microtubules.19 Fusion between ALK and EML-4 
results in the constitutive kinase activity of ALK 
receptor tyrosine kinase that induces the abnormal 


pr liferation ot cells which cause cancer like lung done instantly after the sample collection from the 
carcinoma.18 According to Soda et al (2007) NSCLC patients for the feasibility of the result. More 
signaling part ees i ra a kiriasg is fused researchers have studied ALK mutation in NSCLC, by 
with the N- terminal end of EML-4 protein duc to Reverse Transcriptase Polymerase Chain Reaction 
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Fig.1: It is showing polysomy of ALKggene 


(RT-PCR), Immunohistochemistry(IHC)and 
Fluorescence In-Situ Hybridization (FISH). To 
determine the ALK mutation in NSCLC patients, IHC 
is cheap as compared to other techniques but it does 
not give confirmatory results. FISH and RT-PCR 
provide confirmatory results. On the basis of 
sensitivity and specificity, the FISH is a gold standard 
method for the analysis of the A gene 
rearrangement in NSCLC patients (Table 
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ges and disadvantages of different 
types of techniques for the detection of ALK-EML-4 
rearrangement in Lung Adenocarcinoma. 36 


However, it has been recently seen that ALK mutation 
by IHC in NSCLC require further scrutiny and 
validation using FISH because sometimes IHC 
positive cases become negative after the FISH 
interpretation (Figure-2).32 
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Figure 2. Difference between Immunohistochemistry 
and FISH Interpretation of ALK Mutation in NSCLC. 32 





Fluorescence in- situ Hybridization for ALK 
Mutation Analysis 

For the interpretation of ALK mutation of 2p23 locus 
in NSCLC patients a FDA approved diagnostic probe 
kit is available in the market known as Vysis LSI ALK 
dual colour Break Apart Rearrangement Probe (United 


ANAPLASTIC LYMPHOMA KINASE (ALK) GENE REARRANGEMENT DETECTION USING FLUORESCENE IN-SITU HYBRIDIZATION (FISH) IN LUNG CANCER PROGNOSTICATION 





State). The probes are of two types for the same gene 
which are labeled with two different colour green and 
orange (Red) fluorochromes which bind at a specific 
DNA target sequence (fig.-3).33 In non ALK mutated 
cells the green and orange signals are fused or less than 
two diameters distance. In case of gene rearrangement 
of ALK gene with EML-4 gene, the orange and green 
signals appears separately (>2 diameter) and one fused 
signals, sometimes due to deletion, only one orange 
and one fused signal appear (fig.-4). 


watt 4 


{ Rearrangement à 


Figure 3. Rearrangement pattern of A 
EML-4 gene by the help of dual co 
apart probe. 

















Specificity (%) 99 98 99 





Positive Predictive 


54 39 54 
Value 





Negative Predictive 
Value 

Table 2. Showing comparison of different 
types of antibodies (Selinger et al. (2013).31 


100 100 100 

















diameter (Positive) (d) One fused and one separate 
red signal which is presenting green signal deletion 
but it will be considered as positive. 

















e Fused Signal Patterning 
Negative Nuclei 


ut of 50 cells.34 Signal patterning for 
d negative nucle i is given bellow (fig.-5). 
Thunnissen E et al. (2012) reviewed that if the tissue 
sample has less than five nuclei (10%) are positive, 
en the sample will be considered as FISH negative or 
if the number of positive nuclei are 10-50 % in this 
case, a second expert should evaluate the result after 
that ifaverage of two evaluator is at least 15% then the 
sample will be considered as FISH positive otherwise 
equivocal (fig.-6). 





Figure 6. This diagram is showing interpretation 
criteria 
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Table 3. ALK deregulated protein in different types of cancer (Taken from the review of Shackelford et al.2014) 





Tumor Type ALK Aberration ALK Mutation Percentage 





Non-Small cell lung | Fusion between EML-4 and ALK 


rc a 
canona on 2p arm Of ho chromosome 3-7% of NSCLC are ALK positive 37 





“25 0/ 4. . ; 
A E E ALR Nudikophosmin ALCL are 60-85% +ve, rare fusion with 

































: PM4, TFG, 
Lymphoma's (ALCL) chromosomal translocation 
Basal cell cancer Over Expression of ALK 
Glioblastoma Over Expression of ALK 








Breast Carcinoma ALK-EML-4 fusion 











Neuroblastoma 














cers, one stromal carried a FNI-ALK 
fusion protein 43 


Ovarian carcinoma 











6.9% of acral melanomas were ALK positive, 
ALK breakpoints suggest that translocations 
are present 44 


L1198F and G1201E amino acid changes 
result in constitutive ALK kinase activation 45 








ALK activating point mutation 


ALK-EML4 fusion 2.4% fusion positive by exon array profiling 46 





1 case in 46 extramedullary plasmacytomas 
ALK over-expression was ALK positive by immunohistochemistry 
and FISH analysis 47 





Esophageal = i i i 
pnag , TPM4-ALK fusion TPM4-ALK fusion oncoprotein type 2 found in 
squamous cell carcinoma ~20% of cases48 





ALK translocations with EML4, TPM3, and 
Renal carcinomas Several translocations VCL fusion partners, the translocations appear 
to occur at a low frequency 49 
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Table 4. Mechanism of crizotinib resistance (Taken from the review of Shackelford et al.2014) 





Crizotinib resistance mechanism Explanation 





Two cases; one with and one without an ALK mutation, 


mints.) Nupa Cta 4-5-fold increased expression 50 





c-Kit 5 fold -KIT amplification 51 


Alters ALK crizotinib binding cavity, red 
interactions 52 
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S Mutations 12C and G12V activating KRAS mutations 50 



















L1196M EML-ALKpm eeper residue mutation blocks binding 51 








used as a second confirmatory tool whenever FISH is 
not available. 
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